Background. No information is available regarding nurseassisted peritoneal dialysis (PD) in non-elderly subjects. This study was carried out to estimate the rate of nurse-assisted PD among non-elderly patients and to assess which individual and centre factors were associated with nurse-assisted PD. The other objective was to estimate the magnitude of the centre effect on the utilization of nurse-assisted PD using hierarchical modelling.
A B S T R A C T
Background. No information is available regarding nurseassisted peritoneal dialysis (PD) in non-elderly subjects. This study was carried out to estimate the rate of nurse-assisted PD among non-elderly patients and to assess which individual and centre factors were associated with nurse-assisted PD. The other objective was to estimate the magnitude of the centre effect on the utilization of nurse-assisted PD using hierarchical modelling.
Methods. This was a retrospective study based on data from the French Language Peritoneal Dialysis Registry. Patients incident on PD > 18 and < 65 years of age were included.
Results. There were 2269 incidents of PD initiation between January 2008 and December 2012 in 127 PD centres with 114 (5%) on family-assisted PD and 272 (12%) on nurse-assisted PD. At the individual level, compared with autonomous patients, nurse assistance was associated with age {odds ratio [OR] 1.79 [95% confidence interval (CI) 1.51-2.13]}, gender [OR 0.47 (95% CI 0.35-0.64)], comorbidities and underlying nephropathy. There was significant heterogeneity between centres in the nurse assistance utilization (variance of random effect 0.12). At the centre level, the type of centre, centre experience, centre organization and private nurse density were not associated with nurse-assisted PD. Conclusions. The rate of nurse-assisted PD among non-elderly patients was 12%. There was a significant centre effect in the utilization of nurse assistance that was not explained by the centres' characteristics. Nurse-assisted PD utilization in nonelderly patients is associated with patient characteristics and also with centre practices.
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I N T R O D U C T I O N
Most of the assisted peritoneal dialysis (PD) programmes are oriented towards elderly patients [1] [2] [3] [4] [5] [6] . However, there are also younger patients unable to perform PD. It is widely accepted that a free choice of dialysis modality must be offered to patients reaching end-stage renal disease (ESRD). Accordingly, home therapy should be considered as an option for every dialysis patient. To overcome the barrier of patient incapability, assisted PD programmes have been developed in many countries [7] [8] [9] [10] . Assisted PD can be defined as a treatment performed at the patient's home with the assistance of a nurse, a dialysis assistant or a family member [11] . To our knowledge, there are no data available about the use of assisted PD in the non-elderly population. Therefore, studies are needed to identify the rate of assisted PD in this subgroup of patients and the factors associated with its utilization. To our knowledge, apart from one study from Canada, there is no information available in the literature regarding the criteria and tools that could be used to make the decision to assist a PD patient [12] and no guidelines have been established to identify which patients must receive assistance. Therefore, this lack of recommendations raises the question of the heterogeneity of assistance utilization between centres that could reflect the need for a standardized patient capability evaluation. Thus heterogeneity between centres in the utilization of assisted PD must be investigated at a nationwide level.
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This study was carried out to estimate the rate of nurseassisted PD in the non-elderly PD population and to evaluate which individual and centre factors are associated with the utilization of assisted PD among subjects starting PD in France. The other objective of the study was to estimate the magnitude of the centre effect on the utilization of nurse-assisted PD in the non-elderly population.
M A T E R I A L S A N D M E T H O D S

Study population
This was a retrospective study using data from the French Language Peritoneal Dialysis Registry (RDPLF). All cases of PD among incident patients > 18 and < 65 years of age who started PD between 1 January 2008 and 31 December 2012 that were recorded in the RDPLF were included. From the original data set, we excluded 13 centres that stopped collecting data regularly during the study period. In the final data set, there were 2269 patients treated in 127 centres from 77 districts.
Covariate of interest
The covariate of interest was nurse-assisted PD, which was defined as continuous ambulatory peritoneal dialysis (CAPD) or automated peritoneal dialysis (APD) performed by a private nurse at the patient's home at dialysis initiation. Assistance by a family member could be linked to the relationship between the patient and his/her relative and then could be unrelated to the inability to perform PD. Therefore, the study focused on the utilization of nurse assistance.
Patient characteristics (Level 1 covariates)
Patient characteristics were extracted from the database of the RDPLF. The covariates extracted from the registry were gender, comorbidities, diabetes mellitus, underlying nephropathy, PD modality at dialysis initiation (CAPD or APD) and starting PD after haemodialysis (HD) or transplantation failure. To assess patient comorbidities, we extracted the Charlson comorbidity index (CCI) from the database and calculated the modified CCI by subtracting the age subscore. Suboptimal PD initiation was defined as time spent on HD before PD of < 1 month [13] .
Centre characteristics (Level 2 covariates)
To obtain data about centre characteristics, an additional questionnaire was sent to each PD facility. Subsequently, information about the centres was collected by interviewing the head nurse of each PD centre regarding centre characteristics during the study period. The covariates used to describe centre organization were as follows: full-time nurse (nurses dedicated only to PD), part-time nurse (nurses specialized in PD and also involved in other activities), nephrologists specialized in PD and home visits by PD nurses. The number of nephrologists and nurses per PD centre was also noted. Centre experience was characterized by the number of incident PD patients per centre and per year. Centres were separated by category: academic, community, non-profit and private. Centre environment was estimated by the district characteristics and involved the percentage of ESRD patients unable to walk alone, the percentage of patients with family caregivers, the median age at dialysis initiation and the private nurse density per 1000 habitants. Data about the centres' districts were extracted from the French Epidemiological Network and Information in Nephrology. Data on private nurse density in the districts were obtained from the National Institute for Statistics and Economic Studies.
Statistical analysis
Categorical covariates were expressed as frequencies and percentages and continuous covariates were expressed as the median (first and third quartiles).
The dependent covariate was nurse-assisted PD. To provide additional information regarding the factors associated with the modality of assisted PD, a multinomial regression model was conducted for the bivariate analysis with self-PD as the reference class. This allowed us to estimate the statistical significance of the difference between two associations and thus to estimate which assistance modality the covariate was more associated with (e.g. nurse-assisted PD or family-assisted PD, with self-PD as a reference).
The family-assisted patients were subsequently excluded from the original data set and hierarchical modelling was used to assess which patient and centre characteristics were associated with nurse-assisted PD. The centre effect on the utilization of nurse-assisted PD at dialysis initiation was estimated by the variance of the random effect. Patient characteristics were selected for the multilevel multivariate analysis if the P was < 0.20 in the logistic regression model. Because one of the objectives of the study was to estimate the centre effect, centre covariates were entered in the multilevel multivariate analysis a priori. An empty model (Model 0), with centre as a random effect, was compared with a logistic empty model to detect the centre effect, then logistic regression modelling was performed with the centre as a random effect and patient characteristics (Level 1). Subsequently, centre organization and centre characteristics (Level 2) were included as fixed effects [14] . To quantify the heterogeneity between centres regarding the utilization of assisted PD, the intraclass correlation coefficient (ICC) was calculated. Thereafter, individual covariates were included in the model to investigate whether centre heterogeneity was explained by the patient composition of the centre. Centre covariates were then included to investigate whether the centre effect was influenced by centre characteristics and organization. To estimate the contribution of the covariates introduced in each model, the proportional change in variance was calculated. To express the uncertainty of the estimator, the 95% confidence interval (CI) was utilized in the multivariate analysis. Statistical analyses were performed with R 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria), including the lme4 and nnet packages.
The RDPLF was approved by the French National Ethics Committee (Commission Nationale de l'Informatique et des Libertés). This study took place within the framework of this authorization.
Factors associated with nurse-assisted and non-elderly PD
Missing data
The rate of missing data was <15% for each covariate of the data set; multiple imputation by chained equation was performed for all missing data.
R E S U L T S
Patient characteristics
Patient characteristics are presented in Table 1 . There were 2269 patients 18-65 years of age treated in 127 centres from 77 districts in the final data set. Of these patients, 114 (5%) were using family-assisted PD and 272 (12%) were on nurse-assisted PD. The median age was 51 years (interquartile range [IQR] 40-59), the median CCI was 3 (IQR 2-5) and the sex ratio (male:female) was 1350:919. There were 480 diabetic patients (21%). Assisted PD patients were older, more comorbid and more frequently diabetic than their counterparts. Nurseassisted PD patients were more frequently treated with CAPD than family-assisted patients and self-care PD patients.
Centre characteristics
Centre characteristics are presented in Table 2 . Among the 127 centres, there were 72 (56%) community hospital centres, 20 (16%) non-profit centres, 20 (16%) private centres and 15 (12%) academic centres. Of these 127 centres, 96 (76%) treated < 10 new PD patients per year. Nurse home visits were performed by 111 (87%) centres. Among those 111 centres, 86 (68%) provided home visits before starting PD, 106 (84%) at PD initiation, 14 (11%) at 3 months after PD initiation and 21 (17%) at 6 months after PD initiation. There were part-time nurses in 86 centres (68%) and full-time nurses in 31 centres (24%). There were 77 districts that corresponded to the 127 centres.
Bivariate analysis for the two types of assistance
Results are presented in Tables 3 and 4 . In the multinomial regression analysis, patient age expressed by decade [odds ratio (OR) 1.72 (95% CI 1.46-2.02)] was associated with the likelihood of being treated with nurse-assisted PD and being treated by family-assisted PD. The difference of the association was statistically significant, as the link between age and nurseassisted PD was stronger than the link between age and familyassisted PD. Gender [OR 0.48 (95% CI 0.36-0.64), female as reference class] was only associated with nurse-assisted PD. Comorbidity and underlying nephropathy were associated with both nurse-assisted PD and family-assisted PD, but there was no statistical difference between the two association. Patients treated in a centre with >10 new patients per year were more likely to be assisted by a nurse. There was no association between centre experience and family-assisted PD. Patients treated in centres with full-time nurses dedicated to PD were less likely to be treated with nurse-assisted PD. In contrast, there was no statistical association between centre organization (7) 11 (4) Suboptimal starter, n (%) 10 (9) 10 (9) 257 (11) 1448 S. Guillouët et al.
and family-assisted PD. There was no meaningful relationship between centre category, centres with nephrologists specialized in PD and the utilization of nurse-assisted PD or familyassisted PD.
Multilevel analysis for nurse-assisted PD
The variance of the random effect was 0.45. That means that there was a significant variation across PD centres regarding the utilization of nurse-assisted PD (Table 5 ). The ICC was 0.12, indicating that 12% of the variance of the utilization of nurseassisted PD was attributable to differences between centres. At the individual level, age expressed by decade [OR 1.79 (95% CI 1.51-2.13)], gender [OR 0.47 (95% CI 0.35-0.64), female as reference class], modified CCI, underlying nephropathy and treatment by HD before PD initiation [OR 1.48 (95% CI 1.02-2.15)] were associated with nurse-assisted PD utilization. The variance of the random effect increased by 19% after adjusting for patient characteristics, meaning that the centre effect was not due to differences in patient characteristics between centres. The variance of the random effect and the ICC decreased (0.37 and 0.10, respectively) when centre characteristics were entered in the model. However, no centre covariate was significantly associated with the utilization of nurse-assisted PD. Thus the variation between centres was not fully explained by the centre characteristics collected in our study, including centre organization, centre experience and centre environment.
D I S C U S S I O N
Home care assistance is also used to treat non-elderly patients on PD in France, as 12% of incident PD patients 18-65 years of age were treated with nurse-assisted PD in our study. In view of these results, one may hypothesize that patient incapability to perform PD at the start of dialysis is also a common situation in the non-elderly population.
As expected, comorbid conditions were linked to the utilization of assisted PD. This finding is consistent with the fact that comorbidities are associated with disabilities such as neuropathy, visual impairment and muscle wasting that could decrease the patient's ability to perform PD exchanges. It has been demonstrated that among older subjects on assisted PD, functional impairment is highly prevalent and associated with comorbidities [15] . In our study, the patient's age was independently associated with nurse-assisted PD. Patients included in our study were < 65 years of age, which consequently raises the hypothesis of an earlier functional decline in ESRD patients. Female gender was associated with nurse assistance in the multivariate analysis. Differences in lifespan between genders in the general population that could lead to a greater percentage of social isolation of women on dialysis may explain this observation [16] . P-values are provided only for the statistical difference between nurse-assisted PD and family-assisted PD when the covariate is associated with the two modalities of assistance. *P < 0.01. **P < 0.001. Our results demonstrate that patients on HD before PD were more likely to be treated with nurse-assisted PD. In addition, one may argue that a proportion of the patients treated by HD before PD started HD in an unplanned manner. Thus nurse assistance could have been used as a bridge to self-care PD pending patient education. A study from Denmark emphasized that the combined use of an unplanned and assisted PD programme ensured that even late-referred patients could make a real choice between dialysis modalities [17] . Even though our study focused on the non-elderly patient, it can be hypothesized that, as has been demonstrated in older subjects, loss of autonomy during the time spent on HD could also affect the patient's ability to perform PD by his/herself [18] . Furthermore, dependent HD patients may have been switched to assisted PD to avoid regular transportation to the dialysis centre.
At the centre level, nurse density in the centre's district was not associated with the utilization of nurse-assisted PD. In France, the need for home assistance is based on the subjective PD nurse assessment of the patient's ability to become autonomous [2] . The perception of the burden of the disease on the family caregivers, which is also estimated by the PD team, could influence the choice of assisted PD with nurses in charge of the patient evaluation [19] . A centre's organization could have an impact on the decision to grant assistance, but our findings showed no difference between centres with experienced nurses dedicated only to PD and centres with time-sharing nurses. Recommendations regarding patient and caregiver education have been recently produced by the nurse committee of the International Society for Peritoneal Dialysis (ISPD) [20] . These recommendations imply that there will be patients who are not P-values are provided only for the statistical difference between nurse-assisted PD and family-assisted PD when the covariate is associated with the two modalities of assistance. *P < 0.01. able to follow the education programme recommended by the ISPD. However, because of the period of our study, these recommendations could not have influenced the nurse assessments of the patients' capability to become autonomous. To our knowledge there is no validated tool that could help nurses select which patients need assistance. In our study, there was significant variability between centres regarding the utilization of nurse-assisted PD; 12% of the variance of the utilization of nurse-assisted PD was linked to the centre effect. However, centre experience and organization did not influence either the rate of the utilization of assisted PD or the assistance modality. In view of the heterogeneity between centres, one cannot exclude that in some cases the decision about nurse assistance was not appropriate. Even if nurse-assisted PD is less expensive than in-centre HD, there is an additional cost due to patient assistance in a situation where the allocation of resources must be prioritized [21] . Furthermore, lack of assistance in a situation where assistance is necessary can also affect the outcome on PD. Nevertheless, the absence of a standardized process does not necessarily signify that patient selection for assisted PD is not adequate. However, we believe that the construction and validation of a tool for relevant selection of patients is clearly needed. Patients' opinions and expectations may also influence the choice for assisted PD.
The main limitation of our study is the evolution of assistance over time, which reflects the ability to become autonomous after a certain time of assistance, but which was not explored in our report.
In conclusion, in France, even among non-elderly patients, nurse-assisted PD is necessary. Assisted PD is associated with patient characteristics. The heterogeneity between centres regarding the utilization of nurse assistance indicates that studies are needed to identify which patients must be assisted.
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